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Peter Kolb Hydrodynamic Flow and HBT at RHIC

Relativistic Hydrodynamics

Conservation of energy, momentum and baryonnumber

8,T" =0, 8,j* =0

with energy momentum tensor:

T (z) = (e(z) + p(z)) v (z)u”(z) — g""p()

and baryon current: 7 (z) = n(x) u”(x)

Equations of state

EOS I: ultrarelativistic ideal gas, p = 1 e
EOS H: massive, interacting gas of hadrons, p ~ 0.15 €

EOS Q: Maxwell construction between EOS | and EQOS H

— critical temperature T,y = 0.16 GeV
— bag constant B4 = 0.23 GeV
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Evolution of energy density,

To =~ 500MeV @ tyu =04 furse

snapshots at 7=3.2, 4.0, 5.6 and 8.0 fm/c after initialization

Pb+Pb, b=7 fm, EOS |

Pb+Pb, b=7fm, EOS Q
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Peter Kolb June 2000

Evolution of Pb+Pb, 6=7 fm

for various initial energies
429.0, b226, c2175, d=25000 GeV/fmS; e=ideal gas limit
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Peter Kolb Hydrodynamic Flow and HBT at RHIC

Elliptic flow
STAR-collaboration, K.H. Ackermann et al., Phys. Rev. Lett. 86 (2001) 402

va(ps; b) = Jde °°s(2¢)wgm(pa, ¢; b)
= Jd¢ aﬁ‘ﬁm(m, ¢; b)

over centrality over momentum
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— hydrodynamics is in good agreement with the data
at central and semicentral collisions (b < 7 — 8 fm)

and transverse momenta up to pr < 1.5 — 2.0 GeV.

Deviations are due to lack of thermalization in peri-
pheral collisions ('free streaming’ — reduction of initial
spacial anisotropy) and for high pr particles (escape
without equilibration).
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Peter Kolb Hydrodynamic Flow and HBT at RHIC

Multiplicities and transverse energy

PHENIX-collaboration, K. Adcox et al., Phys. Rev. Lett. 86&2001) 3500
G. Roland for the PHOBOS-collaboration at QM 2001

particle yield per participant pair
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Peter Kolb Hydrodynamic Flow and HBT at RHIC

Elliptic flow for different particle species

.. A Hydro view of the world
0.1 g
g
* Hydro >
calculations:
P. Huovinen,
P. Kolb and
U. Heinz
001 ; Preliminary -
% o 0.0 04 08 06 07 s
P, 1GeVie|
e Raimond Snellings, Quark Matter 2001 »

- Pions and protons in agreement with hydrodynamic
results

- Higher mass of the particles under investigation lead
to a more gradual rise of vz (pr)
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Peter Kolb Hydrodynamic Flow and HBT at RHIC

Elliptic flow at high pr

r Charged particle anisotropy
Seme 0 <p,<4.5GeV/c

J“"J - Vs

-
« Only statistical <,
€ITors .

* Systematic error

0.2
10% - 20% for p, o
=2-45GeVic l *

* More in the STAR g,
high-pt talk :
S Preliminary
PS2, this 3
afternoon)

1/17/2001 Raimond Snellings, Quark Matter 2001 21

- Insufficient equilibration of high pr particles
- Elliptic flow results from different pathlengths and

energy loss (jet quenching)
X.N.Wang, nucl-th/0009019
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Quark Matter, January 15-20, 2001, Dénes Molnér

Minimum bias v2

MPC Au+Au, dN/dfjeer, = 210 (HIJING, 1304 GeV)

. | 1 | 1

|
= STAR 100mb, isotgopi

p [GeV]

Simple estimate:
e 27 bmazx
minbias __
DA "L va(b) b db

binas NOt known — take 12fm

e v, grows with p; until ~ 2 — 3GeV, then saturates

e datasupports: HIJING dN/dycen: = 210, o = 100mb isotropic,
or EKRT dN/dycen: = 1000, 21mb isotropic

e also possible with gluonic but needs higher cross sections or densities
NOTE: 3mb gluonic requires dN/dy > T000(!)
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Radial flow:

—  Only type of transverse flow in
b =0, A= B collisions (4 spherica?)
—  Integrates pressure history over
complete expansion stage

Anisotropic flow:

____________________ —  from deformed initial overlap region
7/\( peaks at y = 0

anisotropic flow reduces spatial de-
formation, — shuts itself off

—  more weigth towards early stage of
b expansion (H. Sorge)
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Directed transverse flow:
only in b # 0 collisions

_)
EBS —  probes the earliest collision stages

(pre-equilibrium)



